In order to achieve the purposes of network pricing ( i.e. to incentivise (1) the efficient utilisation of existing facilities and (2) cost-effective network expansion by influencing the siting and sizing of future users) , the pricing methodology has to consider all possible events in the distribution network to be cost-reflective. One of the issues needing attention is the cases of different load/generation growth rate. These growth rates will in turn affect the growth rate at each circuit of the network. This paper proposes an improved long-run incremental cost (LRIC) pricing methodology with consideration of positive, negative and zero circuit growth rates. The general charges trends of an example circuit are illustrated.
INTRODUCTION
Privatisation of the electricity supply industry was introduced in 1990 in the UK, where the underlying concepts were to introduce competition to generation and supply and regulation to transmission and distribution (where competition was not considered practicable). Since then, market forces are increasingly playing an important role in the development and operation of the electricity supply industry. The main purposes of privatisation were to promote competition (improving efficiency thus reducing prices) and to improve the economic performance of the electricity supply infrastructure.
Network pricing is vital in providing efficient economic signals for the network expansion and reinforcement. Therefore, network charges should closely reflect the extent of use of the system by network users. Forward-looking network prices provide locational signals to network users to act upon. For instance, as network prices for demand increase, distributed generation will be incentivised to connect and demand will be discouraged. This will help in releasing network capacity in more congested areas, and hence in minimising the future investment cost, which is the main factor in a long-run network pricing methodology.
Long-run cost pricing methodologies are recognised as more economically efficient since they reflect the cost to future network reinforcement as a result of nodal demand/generation increment.
However, their implementation is often complicated as they involve the allocation of the reinforcement costs among network users [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Up to 2005, investment cost-related pricing (ICRP) is the most advanced long-run pricing model, with pricing based on distance or length of the circuits [11] . One of the recent developments in long-run cost pricing methodology is the long-run incremental cost pricing (LRIC) methodology, developed by University of Bath in conjunction with Western Power Distribution (WPD) [4] . Its pricing is based on extent of use of the circuits in addition to the circuit distance.
This paper proposes an improved LRIC pricing methodology with consideration of positive, negative and zero circuit growth rates. These circuit growth rates are the results of different load/generation growth rate at each nodes of the whole network. This will be further discussed later in the paper. For positive growth rate, the time horizon from the circuit current loading level to its full loading level is calculated. As for negative growth rate, the time horizon for the circuit current loading level decreasing to zero loading level is examined. Zero growth rate means that there is no change in the circuit current loading level.
The next section discusses the situations where positive, negative or zero growth rate of the circuit occurs. This is followed by the LRIC pricing methodology mathematical implementation and the charge curves resulted from a simple 2-bus test system.
CIRCUIT GROWTH RATE
For LRIC pricing, the long term growth rate of the circuit is an essential factor in the calculation. This circuit long term growth rate, l r , is directly affected by the load/generation growth rate at each nodes, which can be predicted by analysing their historical growth. By simulating the load and generation growth, the circuit growth rates of each circuit can be estimated.
Positive circuit growth rate
Positive circuit growth rate is the most common growth rate for a circuit. The circuit growth rate will be positive when the loading level of the circuit grows resulted by corresponding load and generation growth. For example, for a simple network shown in Fig. 1 , the circuit growth rate is positive if the load is growing equally fast or faster than that of the generation, in the loaddominated case.
Negative circuit growth rate
There are cases when generation growth rate is greater than the load growth rate. In the example of Fig. 1 , the circuit growth rate will be negative as the loading level of the circuit will be dropping under load-dominated condition.
The circuit growth rate, however, will stop being negative when generation exceeded load, where the network becomes generation-dominated. If the generation continues to growth faster than load, the circuit growth rate becomes positive.
In some rare cases, the load might be decreasing. This will also result in the negative circuit growth rate.
Zero circuit growth rate
For zero circuit growth rate, this will only happen when both load and generation are not growing or decreasing. The loading level of the circuit remains the same. This might happen at some remote areas where the domestic customers merely change their usage of electricity.
MARGINAL COST CURVES/TRENDS
To demonstrate the scenarios, a simple 2-bus test system is used where the circuit utilisation is influence by a load and a generation as shown previously in Fig. 1 . This test system is load-dominated and both load and generation are assigned with a growth rate. The circuit, in this example, is rated at 45MW and has an asset cost of £3,193,400.
Positive circuit growth rate
Paper [4] proposed the first long-run charging methodology that links the nodal generation/demand increment to changes in circuits and transformers' investment horizon, which is in turn translated into long run investment cost. The investment horizon is dictated by the present loading level, the load growth rate and circuits' or transformers' spare capacity.
In other words, the LRIC model reflects the asset costs of meeting an increment of generation or demand, which for lines and cables will be a function of distance and also the degree of utilisation. For a given load growth rate of a circuit, l r , the time horizon, l n , will be the time taken for the load to grow from current loading level of the circuit, l D , to its full loading level, l C , as shown in Equation (1).
If there is an injection from node N, causing power flow change along a circuit to rise by l P ∆ , then this will advance or delay the future reinforcement, leading to new time horizon- 
Negative circuit growth rate
For negative circuit growth rate, the time horizon from current loading level decreasing to zero is calculated instead to achieve the target of removing the asset completely.
Equation (4) ( ) The change of present value, in this case, is negative as decommissioning of the asset is considered a benefit to the system. The asset investment cost in this case will not be the same as in the positive growth case, where in this example the decommissioning cost is assumed to be 20% of the previous asset investment cost.
( ) 
Zero circuit growth rate
For zero circuit growth rate, as there is no change in the loading level there is no need for investment. Therefore, there is no reinforcement cost for circuit with zero growth rate, as shown in Fig. 4 . 
CONCLUSION
This paper presented the pricing signals for the cases of positive, negative and zero growth rate of the circuit based on lonf-run incremental cost pricing methodology. This is demonstrated on a simple load-dominated circuit.
For positive growth rate case, charges are higher at higher loading level as a same size load increment at a highly utilised circuit will affect the advancement of the reinforcement decision more than at a lowly utilised circuit. Similarly, for negative circuit growth rate, an increment of load defers the decommissioning decision for the circuit. Therefore, when the circuit is lowly utilised, load customers are charged highly for connecting to the network for preventing the removal of the asset. In contrary, generation is very much encouraged to connect, especially at low circuit utilisation. And for zero circuit growth rate, there is no reinforcement cost.
It is more practical to consider different load/generation growth rate rather than uniform growth in pricing. These different load/generation growth rates will then result in the different circuit growth rates (positive, negative or zero), which is next used in the calculation of the marginal cost.
